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INTRODUCTION

The Spalation Neutron Source (SNS) is alarge sdentific-oriented facility being built in
Tennessee USA that is comprised of alinear accelerator, storage ring and neutron scattering
facilities. The SNSwill be used to study the basic structures and properties of matter and
materias using neutron scattering techniques. 1n the accderator portion of the SNS facility, H
particle beams are accelerated to 2.5 MeV in aradio-frequency quadripole (RFQ), to 87 MeV
inadrift-tube linac (DTL), to 186 MeV in acoupled cavity linac (CCL), and finaly to 2000
MeV in asuper conducting linac (SCL).

Because of the high energy of accelerated particles, linac beam diagnostics are an essentia
subsystem of the accelerator. In the SNS linac, there are beam position monitors (BPM), wire
scanners (WS), beam current monitors (BCM), beam loss monitors (BLM), and energy
degrader/Faraday cups (ED/FC).

This document will describe the WS systems with an emphasis on the eectronics and
software and how to use the systems. More specific details of the mechanica actuators,
bellows, sdected wire types and analyses, and overview of the WS systems are found in other
references. 1 This reference additionally contains numerous links to other published
documentation about beam diagnostics.

Indl, 52 WS systems will be required for the entire linac. The table below showsthe
number of WSs and their respective numbers and section in the linac.

Table 1. Quantities of WS systems per linac section.

MEBT? DTL CCL SCL
WS 5 5 10 32

The wire scanner actuators used in the MEBT, DTL, and CCL are based on linear
actuators designed by LANL and purchased from Huntington Mechanicd Laboratories, Inc.
Each actuator fork has three 32-micron diameter carbon wires that can be biased to about + 100
Vdc.

To date, thefird five systems have been designed, manufactured and ingtdled for usein
the MEBT. Theremaining WS systems are in the design phase and are based on the design of
the MEBT WSs.

Under normal operation, the SNS linac will operate quasi- synchronous with the 60-Hz
power grid at 60 pulses-per-second (PPS). The macro-pulse width will beupto 1 ms. Each
meacro pulse is comprised of mini-pulses about 690-ns wide a about 1-MHz repstition rate
which depends on the exact storage-ring orbit time. The storage ring orbit time will vary

L Plum, M. A., et. a., “Beam Diagnosticsin the SNS Linac,” 2002 Beam | nstrumentation Workshop,
Brookhaven National Laboratory, May 6-9, 2002.

2 Medium energy beam transport (MEBT), drift-tube linac (DTL), cavity-coupled linac (CCL), super-conducting
linac (SCL)



somewhat in the range of 1.04 ns as aresult of different orbit tunes. Each mini pulseis
comprised of micro pulses at 425 MHz.

Because the H beam istoo intense at full repetition rate and full macro-pulse width for the
WS wires, when taking data, the macro pulse rate will be reduced to 1 to 6 Hz, and the macro-
pulse width will be reduced to between 50 and 100 ns. Additiondly, aramp of about 30 s
will beinduded at the front-end of the pulse 3.

The wire scanners are based on a“networked system in a PC” model comprised of the
maor components in the figure below.
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Figure 1. Block diagram of awire scanner system.

Each WS system consigts of an industria persona computer (PC) running Windows 2000,
LabVIEW and custom DL L software, an eectronics chassis, a stepper-motor power amplifier,
the linear actuator containing the beam+intercepting wires, and miscellaneous support
electronics such asthe LVDT and sgna conditioning.

Inside the PC are one each of adigitizer and stepper-motor controller card from Nationa
Instruments, Inc. The digitizer uses 12-bit ADCs and can sample the sgnds from the three
wiresat up to 5 MSalsec. The stepper-motor controller card sets and controls the position and
movement of the wires by moving the actuator in and out of the beam.

3 A detailed timing diagram has been compiled by Coles Sibley of SNSfor the entire accel erator.



The dectronics chassis provides severd functions including amplification and gain
section of the sgnds from the wires, a programmeable high-voltage bias voltage, timing,
built-in-test (BIT) and diagnostic capatilities.

The details of each of these components will be described in the following section.

Thefirg five WS systems have been ingtalled and successfully tested &t LBNL where the
injector and RFQ for the SNS linac were designed and first tested. Thefigure below isa

picture of the WS actuators indtdled a Berkeley. Thefive actuators are visble asthe gray
rectangular boxes.
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Figure 2. Picture of the WS actuatorsinstalled at Berkeley.

WS14 and WSI10 are called out in the picture. The actuators for WS04a, 04b, and 07 are
shown to the left of WS10. Each actuator is connected to the remote e ectronics chassis and
stepper-motor driver by cables as shown.

The picture below shows the PCs, electronics chassis, and stepper-motor drivers installed
intheracksat LBNL.



One system, congigting of

top, theindustrid PC, and
the stepper-motor driver.

Four systems are shown in the
figure. Each dectronics chasss has
front-pane connections for monitoring
thetiming Sgnal and individua channdl
andog outputs. Thefifth sysemis
above and out of the picture.

the eectronics chassison <

Figure 3. Picture of the WS electronicsinstalled at LBNL
as part of the injector commissioning for SNS.



As each wire traverses the beam, it detects current and generates an output voltage
waveform as afunction of wire (X, Y, or Z) and actuator pogition. Thisinformation is useful
in determining the Sze and characterigtics of the beam at the specific WS location. The figure
below shows atypica plot of the WS data.
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Figure 4. Graphic of atypical WSrun. Software was done in National Instruments LabVIEW. Each of the three humps
represents the current measured from each wire, X, Y, and Z. The scaleisin volts and knowing the WS was set to “low” gain
setting, can be converted to current at the wire. The x-axisisin inches.

This datawas taken locally a the PC. The same information is sent via EPICSto the
control systlem. Each WS system can be operated locally as each isafully-functiona
networked- PC running LabVIEW with software links to Channel Access and the EPICS
control environment. Each WS can be operated remotely via EPICS.

The remainder of this document will describe the WS systems in more detail, describe
how to use the software and configure the hardware. Appendices list pertinent cdibration data.



THEORY OF OPERATION

This section describes the theory of operation of the networked PC-based WS systems.
The pertinent requirements and specifications are listed below.

SPECIFICATIONS

Table2. Table showing the important wire scanner requirements and specifications.

ITEM Value Units
Macro pulse repetition rate 1-6 Hz
Macro pulse width 50 — 100 ns
Number of wire channels 3
Channd sample rate £5.0 M Sa/sec
Coupling to wires AC
Gain settings 3 ~ 18 dB step
High-voltage bias + 100 Vdc
Channe bandwidth 45 KHz, Low-pass
Peak beam current range’ 5- 60 mA
Max. input currert (no damage)® 15 mA
Min. input current(noise floor) <0.1 mA
Electronics noise floor <1LSB <4.88 mV any gain
Input sgnd polarity Bipolar
Max. input current, high gain® 30+ 0.007 mA (10 Vdc FS)
Max. input current, medium gain 250 + 0.06 mA (10 Vdc FS)
Max. input current, low gain 2400+ 0.5 mA (10 Vdc FS)
Linearity <0.1 %
LVDT postion resolution +0.24 Mill (27 stroke)
Wire position accuracy 0.25 mm

It should be noted that the macro pulse width and repetition rate are reduced from the
nominda vaues of 60 Hz and 1 ms at those times when the WSs are in the beam and taking

* The peak beam current is different than the current on awire as only afraction of the beam current isintercepted
and hence available at the electronics chassis for processing and analysis.

® Theisthe amount of current into the electronics of any one channel that will saturate the front-end OP AMPs.

6 At this amount of current into any one channel, the output will be 10 Vdc. Thisisthe scale factor for converting
output voltage to input current as afunction of selected gain.



data. The reduced vaues are shown above. Otherwise, the intengty of the full- power beam
would destroy the wires.

WS SYSTEM BLOCK DIAGRAM

The block diagram of awire scanner system is shown below. The system congsts of an
networked industrial persona computer (PC), electronics chassis, stepper-motor driver, and the
actuator assembly and miscellaneous support devices such asthe LVDT.
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Figure5. Simplified block diagram of a WS system.

The PC, eectronics chassis, stepper-motor driver, and future LVDT interfaces are located
in equipment racks some distance (at least 150 feet) from the actuator and beam line. Double-
shielded coaxid cables (RG-223) carry current Sgnas from the wires in the actuators to the
electronics chasss. Because of the requirement to automaticaly detect awire failure, and a
requirement to voltage biasthe wires, bias resstors of about 180 kW are ingtaled on each of
the wires at the actuator end. Each can be connected to earth ground. The bias and wire
detection schemeis discussed in more detail in alater section.

A picture of the eectronics racksis shown in figure 3. This picture was taken at the
Berkeley ingdlation and test of the injector and RFQ. Figure 2 shows the actuators so
ingalled a Berkeley. The cabling to the actuators and the terminating resistors can be seen.



INDUSTRIAL PC

Theindudtria PCisa4U high, 19" rack mount unit. It has an Intel motherboard, a 1-GHz
processor and dots for up to five PCI plug-in boards. It islinked via Ethernet to the system+
wide control system and is fully network compatible. Software also alows for complete
remote control of the PC.

Control of the actuator position, hence the wire positions, and data teking is done usng
LabVIEW software. The LabVIEW software iswritten to include links to EPICS control
system for remote control and monitoring. Additiondly, each WS system can be operated
locdly.

Within each PC are two Nationd Instruments PCI cards. Oneisthe PCI-7344, stepper-
motor control card; and the other isthe PCI-6110 data acquisition cards. Provision has been
meade for athird card, atiming interface card that receives accelerator-wide timing information
and outputs appropriate trigger information for data taking and movement in the WS system.
Until the timing card is readly, trigger information has been input directly into the eectronics
chasss from the magter timing system.

The PCI-7334 isafour channd stepper-motor control card. Upon initidization, it is
loaded with acceleration, velocity and position settings and when commanded, it moves and
positions the actuator at the required locations according to the LabVIEW run program.
Signas from this card connect directly to the stepper-motor driver viaa 68-pin SCSI cable.
More information is available from Nationa Instruments.

The PCI-6110 isafour channel, smultaneous, 5 M Sa/sec, 12-bit data acquisition card. It
aso contains two 16-bit DAC outputs and eight bits of digita 1/0. Additiondly, each channdl
contains a programmable gain amplifier which can be adjusted under program control alowing
fine tuning of sgnd amplification levels. This card islinked to the PCI-7334 controller card
viaan internad RTS bus dlowing synchronization between thetwo cards.  More information
isavalable at Nationd Instruments.

In anorma operating scenario, the main LabVIEW program is darted. It detectsa
software command to initiate and perform abeam scan. More detailed information about
exactly how the system receives asignd from EPICSisavailable ’. Upon receiving this
sgnd, the PCI- 7344 moves the actuator from afully “out” pogtion to a predefined beam+ edge
position. Upon arriving at the pre-set edge, the PCI-7334 then arms the PCI-6110 data
acquisition card whereupon it waits for the next trigger edge. When it recelves atrigger (via
the eectronics chasss), it samples data a pre-set rates and number of samples. It also hasthe
ability to remain in the same pogition and average severd trigger events before moving to the
next pogtion. After datataking is complete, the PCI-6110 informs the PCI-7344 which then
moves the actuator to the next position and again arms the PCI-6110 and the cycle repeats.
When the scan is complete, the actuator is returned to the fully “out” podtion. Datais made
available during the scan to both the loca PC display and to the EPICS control system via
process variables.

" M. Stettler and L. Day, Lansce-8, Los Alamos National Laboratory, Los Alamos, NM 87545



ELECTRONICS CHASSIS

The dectronics chasssis a 1U-high 19-inch rack-mount unit that serves saverd functions:
AC coupling of the wire sgnds, amplification and gain sdection; low- passfiltering; high
voltage bias, wire fault detection; and built-intest (BIT) functions. Additiondly, the
timing/trigger Sgnd is routed through this chassis to the PCI-6110 card.

A smpletiming diagram is shown below. Part (8) shows a60-Hz nomind beam mode
waveform. The pulse width in thismode can be up to 1 ms. Part (b) shows a 6-Hz test mode
waveform used for wire scans. The beam may operate at rates between one and six hertz for
WS mode.

(b)

RAMP FLAT TOP
|

©
TRIGGER

Figure 6. Timing diagram showing the nominal 60-Hz pulse repetition rate (a), and the pulses at 6 Hz (b). Part (¢) isan
expanded view of atest mode pulse showing aramp, where triggering should occur after the ramp.
Part () is an expanded view of one of the pulses of part (b). It shows how the beam ramps
up in 35-40 s, has aflat top of about 10 to 65 nsand ends. The trigger should come about 7-8
ns before the end of pulse. Thisalowsfor stling in the preamplifier circuit and for at least
SX or seven data points to be taken before the end of the pulse. Totd pulse width for wire
scanner mode, including ramp time, is specified as between 50 and 100 s,

The eectronics chasssis shown in asmplified block diagramin figure 7. 1t showsthree
identica channdsfor the X, Y, and Z wire inputs, three identical high-voltage bias supplies,
built-in-test circuitry, and connections to the host PCI-6110 data acquisition card.

Each channel has a separate high-voltage bias power supply capable of about 100 Vdc.
The high-voltage supplies are on a plug-in card so that positive (10 to 100 Vdc) or negative (-
10 to —100 Vdc) supplies can be used by ingtalling the appropriate type of card. Under normal
operation, biasis gpplied to awire by the high voltage power supply through a voltage
dropping resistor/capacitor network of about 20 KW designated “LPF’ inthefigure. This
voltage is measured by a voltage divider and applied to a voltage comparator. At the wire end,
the 180 kW resistor acts as the other part of the voltage divider. If awire were to break, the
180 kW resigtor is removed from the circuit, and the voltage jumps to whatever the supply was
st for. Thisjump will exceed the threshold on the comparator and generate a“wire failure”
signd to the PC which in turn isrelayed to the EPICS control system.
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Wire sgnas coming into a channel are AC coupled, then a surge protector conssting of a
50-W resistor/capacitor network with apole a about 10 MHz shunts the high-frequency
components to ground (there will be substantial components at 425 MHz) and passesthe
remainder to the trana mpedance amplifier. The gain can be sdected as“low,” “med,” and
“high” in 18-dB steps. The gain of al three channels are controlled together and are not
independent. Diodes protect the input stages. The channel bandwidth is low-pass limited to 45
kHz ingtead of using an integrator as some other wire scanner designsuse. Thiswas a suitable
compromise between adequate pul se response and low noise.
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Figure 7. Simplified block diagram of the electronics chassis. Each of the three input channels, X, Y, and Z areidentical. The
channel gainsare set together to one of three values. The bandwidth on a channel is set to 45 kHz with a three-pole low-pass

filter.

The timing parameters, such as pulse width and repetition rate, are important because of
the AC coupling and time congtants of the preamplifier/gain circuits.  Asareault, the values of
the AC coupling capacitors and input current-limiting resstors aswell asthe wire terminating
resistors (180 kW) need to be carefully selected.

In the diagram below, current from the beam (modelled as a current source) isinjected into
both the 180 kW resistor and the 50-W cable connected to the electronics chassis. Nearly dl
goesin the cable. Theresistor R1 in the eectronics chass's shunts some away, the rest goes
through AC-coupling capacitor C and through R3 to an OP AMP virtua ground. Idedly, the
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time congtant of C and R3 would be very large such that during a pulse thereisminima
basdine shift. And idedly, the discharge time congtant of C and R3 in pardld with R1 and R2
would be very short so that the circuit is completely discharged between pulses a the 6-Hz
repetition rate. 1deally R1 would be very large to reduce lost current.

Given the congraints of a pulse width of up to 100 s (this sets the C, R3 time congtant),
and a pulse repetition rate of up to six hertz ( this sets the desired discharge time congtant),
vaues were sdected using alinear programming model (Solver in Microsoft Excel) with dl
the congraints entered in the modd. To provide adequate margin in the range of 10 time
congtants, the charge time-constant of R3 and C should be greater than 1 ms, and the discharge
time congtant less than 17 ms. The sdected values are shown on the schemétic.

él beam

c R3
9 S | | OPAMP
- 5 Virtual Ground
I
v -HV

Figure 8. Simplified diagram showing the relationship between the circuit parameters and time constants for charging and
discharging. Current from the beam is intercepted by the wire. Some is shunted by the 180-kOhm resistor, but most is
transported to the electronics chassis. In side the chassis, resistor R1 shunts some to ground and the rest is AC-coupled to the
OP AMP virtual ground. Thetime constant of C and R3 should be large compared to the width of the input pulse.

The built-in-test mode is particularly useful for testing the system from the amplifiers
through the cabling and to the PCI-6110 and making sureiit al works properly. The software
sdlects BIT mode by enabling a bit in the eectronics chasss which re-routes the trigger sgnd

to abinary
line from the transposed waveform graph
PCI-6110. A 1.0~
trigger sgnd :
isthen sent 087
from the DeC
PCI-6110 :
Calsng the .-
first of two
50-1s one- 0.2-
shot multi- -
vibratorsto E?:....l....
trigger_ The 0.000000 0,000020 0.000040 0.000060 0.000080 0.000100 0,000120 0.0001¢
first one
generates a Figure 9. Screen capture of the digitized pulses from the elect.ronics chswhen operami.ng in
BIT mode. Notethat all three pulses overlay each other. This can be a quick test to verify proper
t?‘i?é ’I _md on operation of all channels. It can even show if the channels have the proper bandwidith.
INg

edge of its
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output pulse, the second one fires generating atest Sgnd that is coupled to the three channels
viaa200-kWresgor. It showsdl three channels. In this case, they overlap wel which
indicates excellent performance between the three of them. Thisisauseful diagnogtic tool as
any channdl that isn't identicd to the otherswill be obvious. Each channd is bandwidth limited
to 45 kHz using a 3-pole Butterworth filter network. Thereisadight overshoot to asquare
pulseinput, and little overshoot with aramp. The above figure shows the waveform when
using asquare pulse input. The pulse 50 s and has some overshoot and undershoot. Data
would be taken on the back porch of the flat top.

A photograph of the eectronics chasss is shown below.

Figure 10. Photograph of the inside of the electronics chassis.

On the bottom left is the high-voltage bias section. On subsequent versions, these items are
inddled on a plug-in daughter card. The three input channels are visible on the top with the
yelow AC coupling capacitors.

The high-voltage power supplies are from Matsusada Inc. and operate from +12 VVdc.
They have a control voltage from 0 to 10 Vdc. A ribbon cable connects the main board to the
front-panel board. A smdl printed circuit board mounted to the front panel provides atiming
output, outputs for the channels, and LED indicators for gain and wire satusaswell as BIT
datus. The front pand is shown in the figure below.
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Figure 11. Picture of the front pane of the electronics chassis.

STEPPER DRIVER

The stepper-motor driver isaNationa Instruments MID-7602/4 unit. It operates using a
PWM at 20 kHz. It dlowsfor programmable pesk and holding current. Thereisaplanto
replace this unit with alinear-type that does not use a switching PWM architecture. The units
delivered to Berkdley and first ingtalled at the SNSfacility are the PWM type.

A picture of the MID-7602 is shown below. On the front panel, there are numerous DIP
switches which alow the setting of maximum output current and micro-stepping features. The
switch settings are detailed on the top of the unit or in the unit’s documentation. It connects to
the PCI-7344 controller card viaa 68-pin SCSl cable.

Figure 12. Picture of the stepper-motor driver, a National Instruments MID-7602/4. It uses a 20-kHz PWM architecture.

The termind block to the upper-1eft provides a convenient connection interface. The power
switch ison the back pand and an INHIBIT switch is on the front.



ACTUATOR

Because of the variation of the beam
ling, there are severa mechanicd
variations of WS actuators. However, in
each case, they are all based on a stepper-
motor, ball-screw topology that dlows
accurate movement and positioning of
the wires within the beam.

Asagenerd overview, this section
shows the actuator for the MEBT. More
detalled informetion isavallable in the
published literature regarding full
mechanica specifications and features of
al the WS mechanicd variations.

The picture to the right shows a
MEBT actuator mounted to atable with
the cover off. This actuator was designed
and fabricated by Brookhaven Nationa
Laboratory. The stepper motor is shown
on the top of the housing connected to the
ball screw. The beam-messuring wires
are a the top mounted on the fork. Each
wire has two isolated-ground BNC
connectors. These are shown on the
bottom.

The overdl height of thisunitis
about 40 inches. The cover over the bdll
screw and internd wiring isremoved in
this picture.

A complete set of wiring diagrams
and interconnections between the
electronics chassis, the stepper-motor
driver and each actuator has been
completed and is available®

A schematic of theisolated-BNC
connectorsis shown below. Using
isolated BNC connectors alows for
ggnificant flexibility and grounding
options to reduce or eliminate noise from
the system. Short jumper strips were
connected to the return tabs of each

Wires
mounted on
fork. Moves

up and down.

Vacuum
flange.
Bdlows
containedin
the tube.

Stepper
motor

Bal screw
and limit
switches.

Connectors for
stepper motor
and limit
switches.

8 SeelLansce-8, Los Alamos National Laboratory, Los Alamos, NM 87545,
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Figure 13. Picture of the
actuator used for the MEBT.



connector pair to complete the circuit. 1t was found that maintaining a single point ground with
each channd yidded the best noise performance. The signd-point ground for each circuit is a
the eectronics chasss. Thiswas accomplished by not grounding the load resistors and not
grounding the return tabs on each of the BNCs.

X wire
JA O N
Y wire ~ ew
=

Z wire

SO O- I N

A
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Figure 14. Schematic of the isolated-BNC connectors and how they are connected with the terminating 180-kohm resistors.

The dashed linesindicate the ground jumpers that were inserted to complete each circuit.
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USING THE WIRE SCANNER SYSTEM

Each wire scanner system is based on a networked-PC modd using both hardware and
software subsystems. In order to obtain optimum results, each system needs to be properly
cdibrated. This section describes items such as how to cdibrate the hardware and how to use
the software screensto operate a system. We firgt sart with adiagram of how the various
software and hardware pieces are linked.

SOFTWARE

The figure below shows a smplified diagram of how the software and hardware are linked and

interact.

LabVIEW Core

REMOTE

CONTROL LOCAL

CONTROL

EPICS
Control
System

Shared
Memory
DLL

Channel
Access

Figure 15. Simplified flow chart of the software interactions. The main program isaLabVIEW core with linksviaDLLsto
the PCI cards. Additional links are made to EPICS.

The main program is written in LabVIEW and handles dl interaction with the two PCI
cards and serves asa GUI for aloca operator at the PC.  The hardware interaction is done via
DLLssupplied by Nationa Instruments. Additiond links are included in the architecture viaa
shared-memory DLL that dlows externd systems like EPICS to send and recelve data and
information from the LabVIEW core’.

Each WS system can be operated in LOCAL or REMOTE mode. In LOCAL mode, an
operator interacts directly with the LabVIEW main GUI program. InREMOTE mode, a
remote operator controls the system from an EPICS control screen. Thereis athird mode of
control, though it is not the preferred method, where the PC can be controlled asif someone
were gtting in front of it. This mode uses a“PC anywhere’ type program.

° For moreinformation, contact M. Stettler or L. Day, Lansce-8, LANL.



A detailed discussion of the software routinesin the main LabVIEW program and DLLsis
resarved for another text. This document is focused more on how to use the software and what
it does.

Main LabVIEW Screen

The main LabVIEW GUI screen is shown in figure 4 and another example of it is shown
below. It has eght main windows: the data viewer, plot controls, data acquigition , high-
voltage bias, scan motion control, status displays, data storage, and V1 control.

SNS BEAM PROFILER

PLOT CONTROLS

X Wire |Visible
¥ Wire |Visible

Z Wire |visible

‘ CLEAR I PRINTI VIEW
pLoT | Puor | sAmMPLE

DATA ACQUISITION

BIT ENAELED

#BITSamples SampleRate
2l 100 | 31000000 |

TimeOut{sec) TimeOut

%/ 20.00_ _

HardwareGain Samples,
4 » Position

’ iy
Low Med Hi&h ﬂ#

HIGH Y¥OLTAGE BIAS CONTROL
Range: 0 to -100¥

HY_CNTRL v_COMP
i 000 |vwoc 3 ooo |uoc

SCAN MOTION CONTROL
STATUS DISPLAYS @ dbError DATA STORAGE

Change
Ready for Command Directory Parameters
e

FILE & PATH NAME

“‘ POSITION ° ’W| . %‘

¥I CONTROL

Position Readout
Source Mator Skep Count VI Control
REMOTE I | I
wire status il i | SRS

Figure 16. Graphic of the main LabVIEW user screen.

Data Viewer: Data from ascan is displayed in this window like thet of figure 4. In the
abovefigure, the WS has been operated in BIT mode and proper fixed vaues are displayed.
The data are displayed lft to right and are plotted in red time.

Plot Controls: These dlow the operator to select which plots are visble and to view red-
time samples from the ADCs for each channdl.
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Data Acquistion Controlsin thiswindow select BIT mode or RUN mode, the number of
BIT samples (or # of samples) and the ADC sample rate. When the BIT Enabled control is
toggled, the number of samples control changes. Figure 4 shows the number of samples at 6
for anorma back-porch sample set. The samplerate isnormally set to 1 M Sa/sec but can be
varied between 100 kHz and 5 MHz. The channd gain in the dectronics chassis can be
selected by moving the dider. Additionally, the number of samplesto perform at each wire
position can be selected. This dlows averaging beam intensty on a pulse-to-pulse basis at
each pogtion.

High-Voltage Bias The HV_CNTRL control is used to set the bias voltage on the wires.
The V_COMP control setsthe comparator voltage such that if awire breaks, the bias voltage
will jump, exceed the comparator voltage, and cause a Wire Status faullt.

Scan Motion Control: This control is used to change set-up parameters of the motion
controller and stepper motor. At start up, pre-set default values are loaded into the PCI-7344.

Satus Digplays: The postion of the actuator is shown in red timein this window as well
asthe gtatus of each of the wires.

Data Storage: The channd data can be stored after a scan by entering in the path and file
name to be used for storage and pressing Save Data before initiating arun. Thisisa*“locd”
feature and data are saved on the hard disk of the PC. Externd archiving and data storage
features are available within EPICS.

VI Control:  Pressing the “Control” button toggles between LOCAL and REMOTE control.
At gartup, it defaultsto REMOTE operation. The STOP button terminates a scan and returns
the system to its pre-scan condition.

Local Operation
The following steps should be followed to run ascan in LOCAL mode.

1. PressLOCAL if not dready in LOCAL mode.

2. Sat number of samples. Usudly 6. Thetrigger sgna needsto be set properly for a
back- porch trigger.

3. Sasamplerate. 1 MSa/secisnomind. Range: 100 kHzto 5 MHz.
4. Set Samples/Pogition. Normaly set to one.

5. Set dectronics chasss gain, Low, Medium, or High. The setting will depend on how
much beam is intercepted, and the beam current.

6. If needed, press the change parameters button and enter new vaues for the actuator step
Sze, darting position, and stroke. The acceleration and velocity parameters of the
motion control can aso be adjusted.

7. Pressthe BEGIN BEAM SCAN button. A scan will start and the data from the wires
will be displayed in the view window. The gains can be changed as the scan
progresses.

8. If needed, the scan can be aborted by pressing the STOP button.

18
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Remote Operation

When the software runs, it defaults to REMOTE operation. If however, it isin LOCAL
mode, press the REMOTE/LOCAL button shown in figure 16 to change the state. Withiitin
REMOTE mode, the indicators and data view window will sill function, but control of scan
variables will be done by the remote EPICS system. So, an operator can watch a scan take
place and view the data but not change the settings.

Software BIT and Calibration

Each WS system includes built-in-test capabilities that alow the operator to quickly verify the
proper functioning of mgjor portions of each WS system. In BIT mode, asquare pulseis
injected immediatdly after the AC coupling capacitors in each eectronics channd , X, Y, and
Z, which isthen routed through the system, digitized and displayed. An easy method of
running BIT isto use the main screen shown in figure 16, then selecting BIT and VIEW
sample. A sample screen is shown below.

SNS BEAM PROFILER

PLOT CONTROLS

% wire visitle || I
¥ wire [visible || I
z wire Jvisitl= || I

CLEAR PRINT YIEW
PLOT FLOT RT

DATA ACQUISITION

BIT ENABLED

#BIT Samples Sample Rate
z 100 | 31000000 |

TimeOuk {sec) Time Ouk

%/ 20.00 _

Hardware Gain Samples;
a4 s Position

' s
Low Med High d 1]

HIGH YOLTAGE BIAS CONTROL
Range: O to -100%

HY CNTRL ¥ COMP
d 000 |wc § oo |voc

Figure 17. Screen shot of the main LabVIEW screen with the WS operating in BIT mode and the real-time view window
open.

Noticein figure 17 that the VIEW RT button has been pressed which opens awindow showing
the sampled waveforms. A marker line indicates where triggering occurs and samples are
taken.

In this mode, the actuator will move and act as though it were performing ared scan.
However, the data from the wires will be replaced by known waveforms as shown in figure 17.
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Another method exigts to perform BIT without moving the actuator, but it requires two
different LabVIEW programs and alittle more user skill.  The functions of these other
programs have been integrated into the main LabVIEW program for ease of use.

CONFIGURATION

Each WS system must be connected to the other system components as shown in figure 5.
On the dectronics chassis circuit board ,there are severd jumpers that can be configured.

Electronics Chassis

BIT EN:  Thisjumper isused for sand-aone testing of the circuit board. Normaly it is set
to the RUN position dlowing remote software control.

One-Shot Delay: Jumper JP2. Options are Q for positive edge, and nQ or Q-bar for
tralling/faling edge. There are two one-shots on the board that are used for BIT purposes. The
first generates a 50-ns delay. Both its Q and nQ outputs are provided at JP2. The second one-
shaot istriggered on ether therising or fdling edge of thisfirst one-shot. The second one-shot
generates a 50- s pulse that can be gpplied to the three channels. Normally this jumper is set
to nQ.

Trigger Output:  Jumper P17. Thisjumper routes atrigger Sgnd from the circuit board to the
PCI-6110 on either PF10/Trigl or PF11/Trig2. Normally set to PF10/Trigl.

Gan Sdectors: Jumpers P8, 9, 10. Normally set to RUN. These can be used in manua
mode to sdect the channd gains.

HV Set Input: Jumper JPL. Thisadlowsthe HV power suppliesto be set either by aremote
voltage source on an on-board source. Normally it is set to REMOTE.

Threshold/Comparator Input: ~ Jumper JP10. This alows the comparator thresholds to be set
automaticaly by a scded verson of the HV st point, or from an externd voltage source.
Normdly it is set to REMOTE.

Fusess When powered, the LEDs for the +15, -15, and +5 should light. Thereis+12V on
the board for the HV supplies but there is no direct indicator for it.

Plug-in Card: Ingal the appropriate high-voltage plug-in card. Thereis onefor podtive
voltage and one for negative. Each plug-in card must contain only positive or negative bricks
with no mixing alowed.

PCIl-Cards:

These cards should aready be ingtdled. If ingtaling new cards, the drivers may need to be re-
ingaled. When booting, Win2k will prompt for these driversif it isthe case. Sometimes they
work loose during shipping and need to be re-seated.

CALIBRATION

Each WS system arrives “factory” cdibrated. However, there may be timeswhen are-
check or re-cdibration is required. The mgor components that may require re-cdibration are
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the dectronics chasss, the data acquisition card, and the motion control card. Some of the
cdibration must be done manudly, and some can be performed using supplied LabVIEW
software. The following is brief description of how to perform these cdibrations.

Electronics Chassis

Items that can be cdibrated in the electronics chasss are the channd offset voltage and the
high-voltage output versus set point.

Channd Offset Voltage: This adjustment removes any DC offset as aresult of the OP AMP
gagesin a channd.

o Inddl short or 50-W terminator on X, Y, Z inputs on rear pandl.

o Allow the circuit board to warm up for a least 10 minutes.

o Preferably set the HV to zero output though not absolutely necessary.
0

Ensure BIT modeis DISABLED. An easy way to do thisis to remove the jumper from
the BIT_EN jumper block. Don't forget to put it back when finished.

o Sdect high gain. Pogtion the jumper on SEL_D to TEST. SEL_C and SEL_B should
be at the RUN pogition. This adjusts the gain of dl three channels together.

o Mesasurevoltage a front panel X-Monitor output (dternatively, measure at U7-6) and
adjus POT1 near U12 for minimum DC voltage.

o Measure voltage at front panel Y-monitor output (dternatively, measure at U9-6) and
adjust POT2 near U14 for minimum DC voltage.

o Measure voltage a front panel Z-monitor output (aternatively, measure at U8-6) and
adjust POT3 near U13 for minimum DC voltage.

0 Replace SEL_D jumper to RUN position.
0 Replace BIT_EN jumper to RUN.

PCI-6110
This card comes pre configured. For calibration, see Nationd Instruments documentation.

PCI-7344
This card comes pre configured. For calibration, see Nationa Instruments documentation.



APPENDIX A

Although every attempt has been made to make each wire scanner system identica to the

others, dight discrepancies exist such asin the gains and offsets of the andog-to-digita

converters (ADCs), the transfer functions of the high-voltage power supplies, the channel gain
vaues, and other systematic errors. Asaresult of these errors, each system has been measured
and has an individua set of calibration data

GAIN CALIBRATION DATA

The channel gainstrack closely enough to be consdered identicd.

WIRE BIAS CALIBRATION DATA

These data are used to caculate the SLOPE and OFFSET coefficients that are used when
etting the bias on the wire for the negative high-voltage bias supplies:
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WS04a WS04b Wso07 WS10 Ws14
Set Point B D E B D E B D E B D E B D E
0
-10
-20 -11.70 -11.69 -11.68 -11.62 -11.75 -11.80 -11.61 -11.63 -11.64 -11.59
-30 -21.00 -21.00 -21.00
-40 -30.78 -30.76 -30.74 -30.80 -30.90 -30.50 -30.48 -30.59 -30.50)
-50 -40.30 -40.32  -40.50
-60 -50.18 -50.16 -50.18 -50.30 -50.40 -49.70 -49.67 -49.87 -49.73
-70
-75 -64.40 -64.50 -64.82
-80 -69.40 -69.50 -69.50 -69.70 -69.80 -68.90 -68.80 -69.00 -68.90)
-90
-95 -83.60 -83.60 -81.10
-100 -88.70 -88.80 -88.70 -89.00 -89.00 -87.90 -87.80 -88.20 -87.90)
slope 0.960 0.964 0.931 #DIV/0! #DIV/O!  #DIV/O! 0.963 0.965 0.965 0.967 0.967  0.9549 0.9533 0.95765  0.9551
intercept 7.67 7.87 6.32 #DIV/0!  #DIV/O!  #DIV/O! 7.64 7.71 7.73 7.71 7.61 7.57 7.52 7.60 7.58
avg. slope 0.952 0.957 0.964 0.963 0.955
avg. intercept 7.29 7.45 7.69 7.63 7.57

Figure 18. Graphic showing the data used to calculate individual system SLOPE and OFFSET values used for wire bias voltage.

The left column ligts the set points, the other columns show the measured wire voltages. The
dope and intercept values are caculated by Excel using a least- squares-fit of the data using the

form

where,

and

y=mx+Db
m = dope
b = intercept
x = Set Point

These values were originaly entered into data files which the LabVIEW program read and
used to provide the correct output voltage as commanded. The fit vaues take into account the



linear errors of the high-voltage power supplies and the effects of the voltage divider.
However, asmpler, eeser method has been found to cdlibrate the high-voltage output to the
wires.

IMPROVED METHOD

Thefirst verson of dectronics chasss used only negative bias high-voltage supplies. A
subsequent modification has added a plug-in daughter card containing either three positive or
negative power supplies.

Rather than taking measurements and caculating linear regression dope and offsat
coefficients to be used in setting the wire bias voltage, asmpler method isto set the desired
wire voltage using the V_COMP control, and then adjust the wire bias voltage, HV_CNTRL
until the WIRE STATUS indicatorslight. This has proven to yield results within one volt of
the expected value and close enough for these measurements.*°

10" Notesfrom W. Christensen.
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APPENDIX B

WIRE MEASUREMENT METHOD

The following isabrief explanation of how three wires are used to measure and determine
the profile of a particle beam.

In the diagram below, the beam is represented as a horizontaly oriented dlipsoid. Asthe
wires cut through the beam, because of their different angles, each measures a different aspect
of the beam profile. Additiondly, the displayed data will have a position offset and amplitude
and width varigtions.

Figure 19. Simplified diagram showing the relationship between the three wires and the beam. The beam is shown in the
middle as an ellipsoid. The wiresintercept the beam and measure its profile.

In the figure, the bottom wire is X, the first to intercept the beam, and would see ardatively
narrow beam with greater peak amplitude. The middlewire, Y, would see and measure a
dightly larger beam with lessamplitude. And findly, the last wire, Z, would measure a il
wider beam and with reduced amplitude.

This concept isloosdy illugtrated by datataken a Berkeley and shown below in the following
figure.
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Figure 20. Datataken on WS14 at Berkeley showing amplitude and width variations from the three wires. Left scaleisvolts

and bottom-scaleisin inches. The channel gain was set to low.

As shown in the figure, each wire intercepts the beam at a different actuator position, and

depending on the beam shape, generates a different profile asit sweeps through.



